Aim: To describe plasma retinol values according to age, gender and pubertal maturation. Type of study: Comparative, transverse and descriptive. Place: Medellín, Colombia. Subjects and methods: Plasma retinol values were determined in 588 boys and 531 girls aged between 6 and 18 y. For this, we used spectrophotometry by UV oxidation of retinol, results below 0.87 mmol/l were confirmed by high-performance liquid chromatography. Results: Mean retinol plasma concentrations were slightly higher in girls under 10 y. However, above this age, values are generally higher in boys. Plasma retinol concentrations increased with pubertal maturation in both boys and girls in a statistically significant manner. The highest values were observed in girls with mammary development grades 3 and 4 (Po0.05) and in boys with external genitalia development grades 1 and 2 (Po0.05). Vitamin A deficiency based on plasma retinol concentration (o0.70 mmol/l), was observed in 3.6% of all individuals regardless of gender. Conclusions: Plasma retinol concentration is correlated to pubertal maturation in both boys and girls. Vitamin A deficiency in school children and adolescents of Medellín is not a major health problem.
Introduction
Vitamin A is essential to guarantee an optimal nutritional status and maintain good health in humans. The most recognized role is on the process of vision and reparation of eye epithelia via retinol (Olson, 1991) . Studies carried out in vitamin A deficiency confirmed its role on T-lymphocyte function and the involvement in antibody production during infection (Ross & Stephesen, 1996) . Furthermore, the vitamin has proved important during the process of phagocytosis by natural killer cells (Mahan & Scott-Stumps, 1999 , 1996 . A role as a hormone, during cell development and gene expression, has been attributed to the vitamin (Ross & De Luca, 1996) , as well as some anticarcinogenic effect (Groff et al, 1995; Noy, 2000) . Cell differentiation and growth are regulated by the vitamin, and experiments in animal models of deficiency have reported loss of appetite and less weight gain (Brody, 1999) .
Since vitamin A deficiency constitutes a major health problem in poor countries resulting in severe morbidity and in many cases, long-term morbidity, most studies have assessed the problem in pregnant women and young children. As Olmedilla and Granado (2000) recently reported, there is a need for micronutrients status information in adolescents, as there are no studies addressing the issue of vitamins and mineralsFsexual hormones or bioavailability F metabolism in this age group.
After infancy, adolescence is the next period during which the body has the fastest growth. Considering that vitamin A is essential for growth and reproduction, we decided to explore further the relationship between plasma retinol levels and pubertal maturation.
Subjects and methods
Identification and selection of subjects This study was conducted on a representative sample of school children who were stratified by age, gender, type of school and socioeconomic condition. A confidence level of 95% (normal 1ZZ) and a 2% sampling error was established. A total of 588 boys and 531 girls between 6 and 18 y of age were included. They were selected using sampling by stages, in which 16 communities from Medellín were included. Two main groups were formed by public and private schools. The study was approved by the Ministry of Education and written consent was obtained from parents or guardians.
Plasma retinol determination
Samples were obtained at Laboratorio de Docencia y Asistencia of Universidad de Antioquia. They were handled using light-protected vials and only yellow light was used at the facility. A volume of 5 ml of venous blood was collected into vials with EDTA. Samples were spun down at 3000 rpm for 10 min. Plasma was stored at À701C. Then, samples were shipped in dry ice to Instituto Nacional de Salud (INS) (National Health Institute) in Bogotá, Colombia, where plasma retinol was measured using spectrophotometry by UV destruction of retinol and by high-performance liquid chromatography (HPLC) (Dary & Arroyave, 1996) . A solution of alcoholic potash was added to the plasma in order to precipitate the proteins and to carry out a partial retinol saponification with a kerosene-xylene mix. The retinol was exposed to UV light for selective destruction, and the difference between absorbance at 325 nm before and after irradiation corresponded to total retinol (Bessey, 1946; Araú jo & Flores, 1978) .
Samples with concentration r0.87 mmol/l were confirmed by HPLC. For this, a manual 77251 Reodyne injection system, a 660E solvent supply system, a UV-VIS 400 detector and a C-18 Symmetry column (Walters Association Inc.) were used with a Millennium software package. A total volume of 0.25 ml of plasma was denaturalized with 0.25 ml of absolute ethanol containing 0.015 mmol/l retinol acetate as an internal standard. The mix was extracted with 0.5 ml of hexane which was then evaporated using N 2 . The remnant was reconstituted with 0.25 ml of methanol and 0.02 ml was injected into the HPLC system.
Anthropometrics
Body weight and height were measured in accordance with a procedure detailed by other authors (Lohman et al, 1988) , and for which all evaluators received training. Weight was measured to the nearest 0.1 kg using a DETECTO electronic balance. Height was measured to the nearest 0.5 cm using a stadiometer. Weight and height were taken twice and recorded.
Body mass index (BMI) was calculated for each individual and this was compared with expected values according to age and gender (Must & William, 1991; Dietz & Bellizzi, 1999) . Classification was based on the following criteria (Restrepo, 2000) : obesity ZP95; overweight ZP85-oP95; normal ZP15-oP85; at risk of wasting ZP5-oP15; and wasting oP5.
Pubertal maturation assessment
Pubertal maturation assessment was carried out by two specialized medical personnel. Classification was made using Tanner's five stages of development of external genitals in boys and breast development in girls in whom the age of menarche was also recorded (Marshall, 1978; Tanner, 1978) .
Statistical analysis
Data were processed using the software SPSS version 10 and the descriptive exploratory unidimensional statistical method was used to study the variation of plasma retinol, by age and gender. To assess the normal distribution of plasma retinol in boys and girls, the Kolmogorov-Smirnov test was used. The Kruskal-Wallis test was applied to mean retinol values in relation with pubertal maturation. The Spearman coefficients were calculated for retinol and age in groups according to gender and pubertal maturation.
Results
Plasma retinol concentration by age, gender and nutritional status Plasma retinol was not distributed normally in girls (Po0.0001) or in boys (P ¼ 0.029). Mean plasma retinol in boys 6-to 11-y-old oscillated between 1.25 and 1.31 mmol/l. A rise of almost 0.40 mmol/l was seen at 12 y of age, from 12 to 14 y of age the values decreased, and after 15 y of age, retinol concentration increased and remained steady. Mean plasma retinol in girls aged 6-to 10-y was between 1.23 and 1.36 mmol/l. A rise was seen from 10 to 15 y of age and then the levels remained stable until 18 y of age, when they were 1.72 mmol/l. This represents a rise of 0.38 mmol/l when compared to values found at age 6 y (Table 1) .
Upon comparing mean plasma retinol values per age group (boys and girls), we observed that up to the age of 10 y, values are slightly higher in girls in most age groups. Between the ages of 12-14 y, this difference recedes and in individuals aged 15-18 y, higher concentrations were observed in boys (Table 1) .
Correlation of plasma retinol and age was low in the different stages of maturation of both genders. In 20% of girls and 26% of boys, differences in age are responsible for changes in plasma retinol. The determination coefficient was not significant in both genders except in boys in stages 1 and 2 of maturation (Table 2) .
Most subjects of the study were classified as normal according to BMI (69.5%), the rest of the population was distributed between under-and overweight (Table 3) . Mean plasma values were higher in overweight individuals. However, when compared to other groups, this difference was not significant (P ¼ 0.054).
Plasma retinol and gender A total of 3.6% of the population, independent of gender, had plasma retinol deficiency with values ranging from 0.35 to 0.7 mmol/l (P ¼ 0.89). In both genders, 10.3% were at risk of plasma retinol deficit having levels of 0.7-1.01 mmol/l. The ratio of subjects with adequate plasma retinol values Z1.01 mmol/l is 86.1% without significant differences by gender (P ¼ 0.21).
Plasma retinol and maturation
Concerning association of the mean plasma retinol concentrations, gender and pubertal maturation, we observed increased levels as both genders approach pubertal maturation.
In girls, plasma retinol increased to 0.13 mmol/l between stages 1 and 2 of breast development (Po0.05), between stages 2 and 3, it remained steady, increased to 0.25 mmol/l (Po0.05) between stages 3 and 4, and then no significant rise was observed between stages 4 and 5 (0.09 mmol/l) (P40.05). The rise in mean plasma values of retinol in individuals with Tanner 1 and those with Tanner 5 was 0.46 mmol/l, which is equivalent to a rise of 36%. The differences in mean plasma retinol per stage of breast development are statistically significant (Po0.0001) ( Table 4) . Mean plasma retinol in boys according to external genitalia development had a maximum rise as pubertal maturation started at stages 1 and 2 (0.25 mmol/l) (Po0.05). During stages 2 and 3, retinol remained stable (P40.05), and after stage 3, a gradual and proportional increase is seen with significant differences at stages 3 and 4 (Po0.05) and 4 and 5 (Po0.05). The total increase in the mean plasma retinol in boys was 0.57 mmol/l, between stages 1 and 5 of development, which represents 44% of the value observed in those with stage 1. This difference was statistically significant (Po0.0001) ( Table 5) .
Although plasma retinol increased with pubertal development in both genders, they behave differently between boys and girls. Total concentrations are higher in boys (44%) than in girls (35%). The highest rise was observed in girls going from stage 3 to stage 4, and in boys going from stage 1 to stage 2 of development.
Discussion
Vitamin A deficit (o0.70 mmol/l) was observed in 3.6% of the population, which, according to the World Health Organization (WHO), represents a minor public health problem. This proportion corresponds to a third of that reported in the central region of Colombia in 1995-96, for infants aged 12-59 months (11%). Similarly, our results are significantly lower when compared to previous reports on nationwide prevalence (14%) and much lower than the figure found in the same study for the Pacific and Atlantic regions, which were 20.3 and 19.3%, respectively (Castro & Nicholl, 1998) .
There are few studies on adolescents that may enable us to compare our data. This is more evident for the male population. Therefore, a better analysis of the problem in female population can be carried out. Only 3% of the girls in our study had low plasma retinol (o0.70 mmol/l), which is significantly lower when compared to the 26% reported in Southern Malawi for ages 10-19 y (Frazio-Tirrozzo et al, 1998). The city of Medellín has availability of vegetal products (vitamin A sources) all year round. Furthermore, sanitary conditions in the population studied were good as reflected in the low prevalence of intestinal parasitism, according to a parallel study conducted on the same sample (Botero et al, 2000) . These factors may have contributed to adequate concentrations of plasma retinol found in the population studied.
The substantial variation of the plasma retinol values observed at the age of 12 y coincides with the average age (12.5 y) at which boys reached stage 2 of external genital development and corresponds to the time of highest fat deposits (evidenced by the increased tricipital and subscapular folds). This is characteristic in boys and it is followed by a period of fast growth (Restrepo, 2000) . The age (mean 10.9 y old) at which plasma retinol values begin to increase in girls coincides with the beginning of their pubertal maturation process as evidenced by stage 2 of breast development. This plasma retinol rise remained up to the age of 15 y, which coincides with the mean age (15.1 y) when stage 4 was reached. At this age, 97% of the girls had their menarche. Babrin and Babrin (1992) reviewed several studies showing that in well-nourished r10-y-old girls, plasma retinol concentrations and retinol binding protein (RBP) were lower than in female adolescents, despite the fact that good liver stores of retinol had been reported in young female subjects. Furthermore, other researchers found that plasma retinol was related to age in female adolescents: the lower the age, the greater the chance of them having concentrations under 0.70 mmol/l, and the menarche reduced the possibility of lower values (Frazio-Tirrozzo et al, 1998) . These findings contribute to confirm our results since plasma retinol deficiency was 75% in individuals under 12 y of age.
The best association between plasma retinol and pubertal maturation has been observed in female subjects (stages 3 and 4) in our study. In these, the fastest height growth rate takes place and ends with a period of slow growth after the menarche (Marshall, 1978; Tanner, 1978) . Furthermore, Michaelsson found, in well-nourished Swedish female subjects, a significant increase in RBP between stages 3 and 4 of pubertal development (reviewed by Babrin & Babrin, 1992) . This may be due to hormonal factors (Vahlquiest et al, 1979) illustrating the role of the vitamin in reproduction (Lithgow & Politzer, 1977; Fu et al, 1997) .
In healthy adults, it has been found that the inter-and intraindividual variability of serum retinol concentrations is 22 and 9%, respectively (Van den Berg, 1996) . Ncube et al (2001) questioned the adequacy of measuring only serum retinol to assess vitamin A status in the community. They found that 40% of breastfeeding females had deficient liver stores, as measured by retinol concentrations (o0.70 mmol/ l). However, when a relative dose-response test was applied, the percentage of women with retinol deficiency was 76%. In another study, researchers found that 26.6% female adolescents from Malawi had o0.70 mmol/l concentrations of retinol and 40% of them had a relative dose-response test 40.06 (Frazio-Tirrozzo et al, 1998) . Based on this lack of correlation between the two different tests used to measure plasma retinol, we proposed that the serum retinol concentrations might not be the best indicator of the nutritional status of vitamin A.
The Health and Nutrition Examination Surveys (NHANES) panel of experts pointed out the need to study factors affecting plasma retinol concentrations such as age, gender, race, socioeconomic stratum and the use of supplements and minerals. The same panel proposed the importance of defining and using specific criteria per age in order to interpret plasma retinol concentrations (Garry et al, 1987) . On the other hand, the role of vitamin A in growth, fertility and reproduction, the fluctuation of plasma retinol concentrations during the menstrual cycle, the regulation of menstrual abnormalities when women having vitamin A deficiency were supplemented with retinol (Lithgow & Politzer, 1977) may show the involvement of the vitamin in pubertal maturation.
Conclusions
We conclude that although in both gender plasma retinol increases with pubertal development, the pattern differs in boys and girls. The total increase is proportionally higher in boys (44%) than in girls (35%). In girls, the highest increase takes place between stages 3 and 4 of breast development, while in boys this occurs at stages 1 and 2 of external genital development. On the other hand, school children and adolescent population in the city of Medellín had a 3.6% prevalence of plasma retinol o0.70 mmol/l; therefore, this represents a minor public health problem without any significant difference by gender.
